RHOFHERITESHE S

FHRBNBIAMIPERDZERITESHEESITAENITERE, EEZE8SLUTRS:

o MPMRITHE:
o HEITE sn-0-p RELEH
o HEESHT:
o ERTITIREANIELEN, FHEH convex hull
o HEEMNMEIEE BRE=ITTHRRRIZESN, FHEF triangle zone

JAMIPHEHESTIE
1. BERHES

A TIAMIPIHE, EEEESLUTER:

* VASPEIHITIERSIESE

s REJAMIPIERE

* HT=ITEESRHIRS, FEIPEIE python-ternary {KHR,
BJH14T pip install python-ternary Soi¥

2. WA

ABIRLL sn-0, sn-0-p RR[117961, FRPREIRFFHEMTRER N (POSCAR) NI HLER
(OUTCAR)IEZFTInputBRT. FH, £ sn-0# sn-o-p ARF, FHEISTTAIEIISTFEIMN
AUTZRkREEE (F, IREXOUTCARTRIMHIER) BERFECsBIRIX T, ZEBOEIEIM
JAMIPEHERFECAOUTCARN (e S, AFRTBTIAHEER, REES4R3RPOSCARRD
CIB

iE: ScriptsX 4Rt B BEERNAE BN csvIUHETURIBIAS, FAFRI&EScriptsHR MIE1T.

>>> python formation_energy SnOP.py  # %45 'Sn-0-P.csv' Wf4#
>>> python formation_energy SnO.py # ZERE 'Sn-0.csv ' XfE

InputBREIX:

| -Sn-0.csv
| -Sn-0-P.csv
|-sn-0
| -competing_phase
| -element
|-sn-0-P
| -competing_phase
| -element



3. itRs8RE
L FPERIAMIPH SRR ARAERS, TS E I TR E S

input.py ((ESIBAZME:, EBISHAT jp -1 vasp )

vasp.program = $VASP_PATH # VASP BT X AR, FEERH 7
vasp.potential = $VASP_PSUEDOPATH # VASP/BZEISEE, FEEHE 7N
vasp.tasks = 'relax scf’ # RTINS 871 S
vasp.xc_func = 'pbe’

vasp.force = le-3 # force convergence

vasp.energy = le-6 # energy convergence

vasp.cutoff = 520 # encut setting

vasp.kpoints = 0.189 # kspacing

4. FEpiREtE
ARIRETEENREE, THARIT (RERIES)

AEF= Etor— Z Eeclement

JAMIPHHEI B
i PP R B R PR S B R TInput TR AR A

1. ZctEE S
ABIERINput HRAY sn-o0. csv AR BT RlicsvIX 4.
i¥: FAPAIMITScriptsERT phase-2d.py BIF, SRk TEIGE.

>>> from jamip.utils.phase import PhaseAnalysis

# 4G HPhaseAnalysisZE, FEEILERIcsv XI4FIEEHITZ

>>> phase = PhaseAna1y51s from_csv('Sn-0.csv', ['Sn','0"'])

>>> phase.element # JTEIEE
['Sn", '0']
>>> phase.format # BAGHIIIZ S

['Sn506' 'Sn02' 'SnO' 'Sn' '0']

>>> phase.component # BN ZHIITA D FTT IS5 1HEPY)

[[5. 6.]
[1. 2.]

[1.
[1.
[0.

R ® R

]
-]
11


http://input.py/

>>> phase.normalization_component # JTEAERFHHILH(IZITEISEHIES))
[[©.45454545 ©.54545455]

[0.33333333 0.66666667]

[0.5 0.5 ]

[1. 0. ]

[o. 1. 1

>>> stables = phase.convex_hull() # FXE _TTHEHGEELEN (BE4EH) |, RIEIRFBNZHIFRF

#
>>> stables
[4 0 3]

>>> phase.format[stables]
['O' 'Sn506' 'Sn']

>>> phase.convex_hull diagram() # Z%/—5/H5

Delta H [eV/atom]
| | | | |
w w 3] M =
un o (¥ o (¥

|
-y
o
T

Sn 0.2 0.4 0.6 0.8 O
SN0y - x

2. =otHE Dt
2.1 M SN RIS

JAMIPItE =Tl L (BiE=n) o ERSERAPIREZAR T2EiEEE, AFRERInputBR
TAY sn-0-pP.csv 4R B1THERL CSVILF.

decompotion path output(input, stable, maximum=5, per="atom’)

® input: Union[str,list] BINGEMAMLFENEESFIZR, 0: 'cspo13’ B [1, 1, 3] (5KE
’E element E’\J“Dﬁ}_\?rr__ﬁ)
* stable: list JEEMIAGEFAIEENE, BREANNISESIEN



® maximum: int, default: 5 ﬁﬁtﬂﬂgz}ﬁgﬂgfééi

® per: str, default: 'atom’ HIHDRRIZRAECFESIL atom' | RIEDFXPAITER SELES
¥, ‘formula’ : RIEDFECF

it: FAREIITScriptsB R decomposition.py M4, SRk Tz,

>>> from jamip.utils.phase import PhaseAnalysis

# Sn-0-P
>>> phase = PhaseAnalysis.from_csv('Sn-0-P.csv', ['Sn','0','P'])
>>> stable = phase.triangle_zone()

# Expect energy : DEFYIREEF 1 RFQ Y12 RER2 ...
# Expect energy H{ERTFRBEINEIEIAE
# LASn5P2010 900, SfRER129: Sn5P2010 -> 1/6(Sn506) + (1/6)Sn + Sn4P209

# HERISN3P208HRERIR
>>> phase.decompotion_path_output('Sn3P208', stable, maximum=3)
Decomposition Path of Sn3P208 (per atom)

Expect energy : -156.4998 P 0.0081 Sn4P209 ©0.7895 SnP207 0.2024
Expect energy : -155.0584 P205 0.1346 Sn4P209 0.8654
Expect energy : -144.1550 0 0.0962 P 0.0385 Sn4P209 0.8654

# HERESn5P2010 D RERIR
>>> phase.decompotion_path_output('Sn5P2010', stable, maximum=5, per='formula')

Decomposition Path of Sn5P2010 (per formula)

Expect energy : -151.2468 Sn506 0.1667 Sn 0.1667 Sn4P209 1.0000
Expect energy : -146.9816 0 1.0000 Sn 1.0000 Sn4P209 1.0000
Expect energy : -146.0756 Sn506 0.2381 P 0.0952 Sn4P209 0.9524
Expect energy : -85.4133 Sn506 0.5000 Sn 1.5000 SnP207 1.0000
Expect energy : -72.6177 0 3.0000 Sn 4.0000 SnP207 1.0000

2.2 =iEEEE

BRI=rcofREEE, BPRIBSEREMR=THEE, IERINputBRTEY sn-0-P.csv XIFEETT
HkcsvsTit,

i¥: APERITScriptsBRT phase-3d.py I, TR FEIRE.

>>> from jamip.utils.phase import PhaseAnalysis

>>> phase = PhaseAnalysis.from_csv('Sn-0-P.csv', ['Sn','0',"'P'])
# #HEHPhaseAnalysis3E, FEEEERATCsv XA HIESAITSS

>>> phase.element

['Sn", 'O', 'P']

>>> phase.format

[*Sn506"' 'P203' 'Sn3P208' 'Sn5P201@' 'SnP' 'P205' 'SnP207' 'Sn02'
'Sn2P207' 'Sn4P209' 'Sn0' 'Sn' '0' 'P']

# component, normalization_component fEES o5& HE/E



>>> stables = phase.triangle_zone() # FKEN=Jr/GHISELZF, RIEIEZFEBN PRI
>>> stables

[6, 5, 11, 12, 13, 9, 6]
>>> phase.format[stables]
[*Sn506"' 'P205' 'Sn' 'O' 'P' 'Sn4P209' 'SnP207']

>>> phase.triangle_zone_diagram() # Z#/=107HE

o Stable
o Unstable

[1] "Dopability of divalent tin containing phosphates for p-type transparent conductors,”
T. Li, Y. Li, M. Faizan, H. Peng, and L. Zhang, Phys. Rev. Materials 3, 124606 (2019).



